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Abstract 
• A. COMPARATIVE ANALYSIS OF PLANT RESPONSE PARAMETERS TO THE 
LOS ANGELES AQUEDUCT SYSTEMS IN THE MOJAVE DESERT, CALIFORNIA 
by Edwin F. Archbold 
A comparative study of the two Los Angeles aqueduct systems was appro-
priate and feasable because of the 57 year span between construction dates. 
Although, dealing with complex interactive relationships of a variety of 
parameters and •some unmeasurable aspects, this project attempted to get a 
closer look at the impacts of man-made constructions in the Mojave Desert. 
Land managers and ecologists are particularly interested in answering 
the questions, howrdid the Mojave Desert perennial vegetation respond to 
a utility construction, such as the Los Angeles aqueduct, and what is the 
intensity of damage to plant cover. The recovery rates for vegetation re-
establishment is another interesting area, with great heuristic value. 
This study intended to discover the quantitative and qualitative rela—
tionship of the construction of the 1913 and 1970 Los Angeles aqueduct 
systems to vegetation parameters of productivity, stability, and diversity. 
Eleven study areas were selected at intervals along the 1913 aqueduct right 
of way, and 15 study areas along the 1970 system. Each study area consisted 
of three transects; the control, right of way, and roadedge. Individual 
plants height and diameter were recorded for each belt transect of. 200 
square meters, during the summer months of 1978. 
Estimates of productivity were derived from biomass, density, ground 
cover, and volume measurc.s. Diversity -was cvluated from richness, evenness, 
equibility, and a measure of diversity index. Stability was analyzed by 
observing percent ca4osition and relative age Values community quality 
indices; and the coefficient of similarity for transects. 
Qualification and quantification of vegetation along both aqueducts 
showed the respective constructions to have produced different effects on 
the parameters of productivity, diversity, and stability of the vegetation. 
Productivity, diversity, and stability, resulted in higher levels for the 
1913 aqueduct, and seems to have recovered essentially, as far as produc-
tivity is concerned. Assuming that successional vegetative growth was 
linear, recovery time to predisturbance condition was estimated to be ap-
proximately 60 years for productivity, 70 years for diversity, and 1500 to 
2000 years for stability. While the 1913 aqueduct right of way appears to 
have recovered its biomass, the percentage composition is unlike the adja-
cent undisturbed vegetation, indicating that much of the 1913 aqueduct right 
of way is sub-climax vegetation, often dominated by Chrysothamnus nauseosus 
ssp hololeucus. Stability results showed that, even though, the 1913 aque-
duct has higher stability level than the 1970 system, there is still indica-
tion of impacts on the vegetation since construction time. 
Prevalence of fillaThamnus species along the Los Angeles aqueducts right 
of way may show up as an increase in productivity but decrease in stability 
and diversity. Further studies of the means by which Chrysothamnus nauseosus  
ssp h01016ucus compete successfully against native shrubs, are needed for a 
better understanding of the plant dynamics following disturbance in Mojave 
Desert vegetation. It was verified that the 1913 aqueduct system presents 
higher levels in the considered vegetation parameters, and confirmed that time 
span for"recovery is the principal factor effecting this condition. 
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INTRODUCTION 
This project was conducted on that portion of the Los Angeles aqueduct 
systems in the Mojave Desert, mainly within Kern County (Fig. 1). The 
natural vegetation of the Mojave Desert has been subjected to various man 
made disturbances, which have a primary impact at their onset and a secondary 
impact if disturbance continues (Vasek, et al., 1975b). 
There are few reports on the impact of utility constructions in the 
Mojave Desert. Vasek and co-workers (1975a, 1975b) showed the effects of 
pipeline and powerline construction in the Lucerne Valley. Rice (1970, 
1971a, 1971b, 1972)_ and Porter (1970) reported on vegetation re-establish-
ment along the 1970 Los Angeles aqueduct. Louis A. Boll, as District Man-
ager of the Bakersfield Bureau of Land Management office, wrote (Nay 15, 
1974) to D. H. Eslinger of the San Bernardino Environmental Improvement 
Agency saying that the seeding experiment trial with native shrubs was 
not succesful. Graves et al. (1978) and Kay (1979) conclude that revege-
tation attempts on the second Los Angeles aqueduct may result in poor and 
erratic growth even with the use of the best techniques. 
Webb and Wilshire (1979) studied vegetation recovery in a townsite show-
ing that soil compaction is a major limiting factor on the revegetation 
of disturbed desert areas. Since Muller (1940), Wells (1961), Hastings 
and Turner (1965), Vasek (1979) and others have taken a closer look at 
succession in desert vegetation. 
Initial quantitative estimates of revegetation and recovery rates in—
dicate that desert vegetation is fragile and easily destroyed, and has a 
Fig. 1. Kern County region of the Mojave Desert showing paths 
of the Los Angeles aqueduct systems. 

long term potential recovery from disturbances (Vasek. et al., 1975a). 
However, there are still oustanding defficiencies in quantitatively un-, 
• derstanding the effects of manmade disturbances in the Mojave Desert 
(Vasek and Barbour, 1977). In the re-establishment of vegetation on a 
disturbed site there is a need to quantify the vegetation quality, and to 
• determine how much time would be required to restore the natural community 
(Rice, 1971). 
The suggestion that the interrelationships among vegetation parameters 
of productivity, diversity, and stability are basic to a fundamental un-
derstanding of the desert ecosystem (Vasek et al., 1975a) is accepted in 
this work. Studies of these parameters are proving to be effective in the 
evaluation of the dynamics of plant response to changes, such as roads and 
utility constructions, offroad vehicles (Johnson et al., 1975, Lathrop, 
1979) and others. 
This project pursued a comparative study of the interactive relation-
ships of the above parameters of perennial vegetation along the 1913 and 
1970 Los Angeles aqueduct systems to their construction and maintenance 
activities. Clearing of land for right of ways, trenching, piling, refill-
ing; and maintenance of access roads are the main aspects of construction 
activities which are particularly destructive to vegetation cover (Personal 
Communication, Los Angeles Department of Water and Power). 
The question considered in this study is whether the 1913 aqueduct 
right of way shows higher stability, productivity, and diversity than the 
1970 system. The 57 year time span between construction dates may be par-
ticularly significant for the evaluation of recovery rates and processes 
of succession, as well as comparing the parameters of productivity, diver—
sity, and stability along both aqueduct systems. 
Hypothesis: The 1913 aqueduct disturbance may present higher productivity, 
stability, and diversity than the 1970 system, the time span 
being the determining factor. 
This study may 	in a valuable mean for management recommendations, 
for predicting the effects of desert land uses. In summary, this project 
is an attempt to discover the quantitative and qualitative relationship of 
the construction and maintenance of the 1913 and 1970 Los Angeles aqueduct 
systems to Mojave Desert vegetation. 
METHODS 
Information of the aqueducts were obtained from various personnel and 
files of the Bureau of Land Management (BLM), and the City of Los Angeles 
Department of Water and Power (LADWP); also from workers encountered dur-
ing field work in the summer months of 1978. Literature search included 
readings on the delicate historical background of the Los Angeles aqueduct 
known as the "Water War" (Cooper, 1968; Humlum, 1969; Nadeau, 1960; Nadeau, 
1974; Seckler, 1971; Smith, 1978; Wollman and Bonem, 1971; Wood, 1973). 
This study did not rely on any experimental manipulations at the eco-
system level, depending primarily on the interpretation of existing pat- 
terns. 	Study areas were selected at intervals along the Los Angeles aq- 
ueducts, with a representation of all major plant communities, landforms, 
and soil types (Table 1). Appendix D shows the location of the 26 study 
areas considered in this study. 
The size of each sample plot (transect) at each study area consisted 
of 100 X 2 meters for a total of 200 square meters. Comparisons within 
a study area was based on a uniform application of transects in control 
and disturbed sites. The control, transect A, was placed in undisturbed 
vegetation 50 meters away from the aqueduct right of way and parallel to 
it. To test for disturbance, transects were placed within the aqueduct 
right of way in a location representative of construction disturbance; 
transect B, within the aqueduct right of way and parallel to it, and tran-
sect C, along the edge of the access road (Fig. 2). 
Along each of the three transects the height and diameter of individual 
perennial plant was measured. The diameter was measured across the densest 
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Fig. 2. 	The 1970 Los Angeles aqueduct at the entrance to Dove Springs showing 
creosote bush scrub on a gentle north facing fan. Photograph, taken 
August 1978, shows a high density of Chrysothamnus sp. and Lepidospartum 
sp. in the right of way (B) in mid picture. The three types of transects 
are shown: A = Control; B= Right of Way; C = Roadedge. 

Table 1. Physical characteristics of study areas along the Los Angeles aqueducts in the Mojave 
Desert, California. Fan = alluvial fan; year = aqueduct construction date. 
Study Topographic Exposure 
areas 	location 	.Slope % 	Community 	class 	Clay Sand• Silt 
Los Angeles aqueduct - 1913 
Desert wash 	E 2.5 	Creosote bush Sandy loam 	10 	75 	15 	1037 
scrub 
Fan 	Level 	Creosote bush Silty loam 	20 	20 	60 	951 
scrub 
3 	Hill 	S 23.5 	Creosote bush Clay 	80 	20 	937 
scrub 
4 	Fan 	SE 8 	Creosote bush Silty clay 	30 	20 	50 	1037 
scrub 	loam 
Sand covered 	Level 	Cheesebush 	Sandy loam 	10 	75 	15 	1037 
fan 	scrub 










location 	slope % Community 
Soil 
class 
• Soil Texture % 	Elevation 
• Clay 	Sand 	Silt  
   
Los Angeles aqueduct - 1913 contd 
7 	Fan 	E 6 	Cheesebush 	Silty loam 	20 	20 	60 	982 
scrub 
Desert wash 	E 7 	• Cheesebush 	Silty loam 	20 	30 	50 	• 969 
scrub 
Desert wash 	E 4 	Cheesebush 	Silty loam 	60 	40 	893 
scrub 
10 	Hill 	E 26 	Creosote bush Loamy sand 	80 	20 	965 
• scrub 
• 11 	Dissected fan 	N 19 	Creosote bush Sandy loam 	10 	75 	15 	1006 
scrub 
18.5 48.6 33.2 982.3 
Los Angeles aqueduct - 1970 
1 • 	Desert wash 	E2.5 • Creosote bush 	Sandy loam 	10 	75 	15 	1037 
scrub 
Rocky hill 	E 13 	Desert holly 	Sandy loam 	70 	30 	768 
Table 1 cont'd 
Study Topographic Exposure Soil Soil Texture % Elevation 
   
areas 	location 	slo e % Communit 	class 	Cla 	Sand Silt 	 
Los Angeles aqueduct - 1970 contd 








Rocky hill. 	S 25 	Creosote bush Loam 	20 	40 	40 	890 
scrub 
5 	Hill 	S 4 	Creosote bush Silty loam 	5 	35 	60 	1018 
scrub 
Fan 	SE 8 	Creosote bush Silty elay 	30 	20 	50 	1037 
scrub 	loam 	- 
Sand covered 	Level 	Cheesebush 	Sandy loam 	10 	75 	15 , 	1017 
fan 	scrub 
8 	Fan Level 	Joshua tree 	Loamy sand 	80 	20 	991 
woodland 
Fan 	E 6 	Cheesebush 	Silty loam 	20 	20 	60 	991 
scrub 
Table 1 cont'd 
Study 	Topographic 	Exposure 	Soil 	Soil Texture % 	Elevation 
areas 	location 	Slope 7 Community 	class_ 	Clay Sand Silt  
Los Angeles aqueduct - 1970 contd 
10 	.Desert wash 	E 3 	Cheesebush 	Sandy clay 	• 30 	50 	20 	973 
scrub, 	loam 
11. 	Desert wash 	E 7 	Creosote.bush • Silty loam 	20 	30 	50 	969 
scrub 
12 	Desert wash 	i 4 	Cheesebush 	Sandy loam 	60 	40. 	838 
scrub 
13 • Hill 	• 	 -E 10 	Creosote bush 	Silty clay.. 	30 	15 	55 	793 
scrub 
14 	Hill 	NE 18 	Creosote bush Loamy sand- 	80 	20 	768 
scrub 
15 	Dissected fan 	N 19 	Creosote bush.. 'Sandy loam . 	10 • 75 	15 	1006 
scrub 
12.3 53 33.3 925.6 
_ -13- • 
part. of the crox.vn assuming that. , on the. average, plants cover a circular 
ground area (rower and Zar, 1977). The ground cover" was calculated from 
.the plant radius and summed for each. species. 
Physical characteristics were recorded in each study area. Topographi- 
cal features of percent. slope, exposure, and elevation were determined 
from field use of the Speigel Relaskop (Bell, undated), Brunton compass, 
and Taylor altimeter respectively, as shown in Table 1. Topographic loca-
tions follow the terminology of Brenner (1977), and community classifica-
tion that of . Johnson (1976) and Thorne (1976), presented in Appendices A 
and B respectively. 
Soil samples weighing more than 100 grams were collected at 0-15 -centi- 
meters depth increments at . the control transect of the study area, The 
soils wereassesed for texture percent by the Bouyucos Method (Lathrop, 
1979). Percent sand,. silt, and clay was determined using a hygrometer, 
measuring percent sand 40 seconds after shakes, and percent silt still in 
suspension 2 hours later. The difference between the two runs was. clay. • 
Soil texture class was determined using the standard. soil classification 
triangle for percent sand, clay, and silt. Results are shown in Table 1. - 
The aqueduct consists of a variety of pipe diameter and •conduit sizes- • 
depending on its location and. topography. Across major canyons and washes 
the aqueduct may present exposed pipes, and box conduits can be found un-
derground or through tunnels, depending on the terrain (Table 2, Figs. 2, 
3, 4. and .5)._ Study areas were selected only where pipes were. exposed. and 
- where. conduits were burned just under the soil surface so as to be clear-
ly visible. The soil mantle directly over the conduit was either lacking. 
Table 2. 	Characteristics of the Los Angeles Aqueduct systems. 
Yr = date of construction; LADWP = Los Angeles 
Department of Water - and Power. 
1913 
	
13.88 	2.28 - 3.04 
	
5.8 





capacity 	Pipe diameter Conduit size 
(m3/sec) (m) 
Fig. 3. 	The 1913 aqueduct cutting across cheesebush scrub showing cement 
cover of conduit section West from Mojave City. Photograph was 
taken West from the Tehachapi-Willow Spring road, August, 1978. 

• Fig. 4. 
	
	Southeast facing fan with creosote bush scrub showing the 1970 
Los Angeles aqueduct at Grapevine Canyon. Photograph taken in 
August 1978 still show tracks of rangeland drill used in order 
to relieve compaction of soil for seedling trials of 1971-72. 

Fig. 5. 	The 1913 aqueduct going across Jawbone Canyon and climbing a north 
facing slope. On steepe slopes the access road wander-off right 
of way. Photograph was taken July, 1978. 
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or too thin to support adequate vegetation at each study site, thus, no 
transect were placed here (Fig. 3). 
Analyses of plant response parameters of productivity, stability, and 
diversity followed closely those of Vasek et al. (1975a, 1975b), Johnson 
et al. (1975), and Lathrop (1979). 
Values of density, ground cover, volume and biomass were used to esti-
mate productivity. Ground cover (area) for each species in the 200 square 
meters transect was summed for a total ground cover. Percent total ground 
cover (GC) was determined by: Total % GC = GC / 200X 100. Numerical den-
sity for perennials is th'e number of individuals (N) per 200 square meters. 
Perennial plant volume, determined from diameter and height measurements, 
was calculated for each transect as: Volume / 200 square meters. Biomass 
of perennial species was calculated by: Biomass = Volume / 200 square-me-
ters X weight density value. Biomass was expressed as the weight in kilo-
grams per 200 square meters of plant cover, or dividing by 200, kilograms 
per square meter. Weight density values, determined for each species by 
Dr. Hyrum B. Johnson and his Desert Plan Staff of the BLM, were made avail-
able to calculate biomass, as presented in Appendix C. Productivity ra-
tios (PR) were applied to estimate changes between disturbed and control 
transects, for density, cover, volume, and biomass. PR= disturbed tran-
sect / control transect value. Percent change 0%) values (control - test 
divided by control) were applied only to biomass in tables of productivity. 
Diversity of perennial plants of disturbed and control transects was 
estimated from determinations of relative biomass, richness (R), evenness 
(V), equibility (Ec), and a diversity index (DI). Richness is the number 
-22- 
of species in the sample. Evenness is a measure of how, equally the species 
are represented in the sample. Hurlbert (1971) and Johnson et al. (1975) 
show this as: 
d d min 
V= d max - d min 
The d, d min, and d max are the observed diversity, minimum diversity, and 
maximum diversity respectively, as calculated according to the index diver-
sity of McIntosh (1967). 
To obtain d we calculated DI following the diversity index proposed by 
McIntosh and Johnson et al.: 
Di = N 
In which, N is the total density, cover, or biomass for individuals of all 
species (s) present in the sample and ni is the value for each species. 
The values for DI range from zero on to positive numbers. Our calculations 
of DI, V, and Ec are based on total biomass. Minimum density was calcula-
ted as: 
d min = 	(S 	1) 
Where N is the total biomass, n is the number of individuals, and S is the 
number of species. Maximum density was determined as: 
d max = N 
Equitability, in essence another measure of evenness, is given by 
Whittaker (1975) as: 
Ec 	 
(log d max - log d min) 
23 
Stability, of perennials along the utility corridors waa estimated prima-
rily by determinations of relative biomass in relation to relative age span, 
by comparing similarity among transects and by an estimate of community 
quality (Suffling et al., 1974) 
Relative span determinations into long-lived perennials (LL) and short-
lived perennials (SO are based on the categories assigned to many desert 
species by Vasek et al. (1975a, 1975b) and Johnson et al. (1975), shown in 
Appendix C. To estimate community •quality we followed the Community Quality 
Index (MI) 	proposed by Vasek et al. (1975a, 1975b) and Johnson et al. 
(l975) for comparative purposes. This index integrates an estimate of pro-. 
ductivity, in this case plant cover, and an estimate of relative community 
age, namely the percentage of ground covered by long-lived species: 
CQI = % Ground covered by x % of Total perennial 
long-lived perennials 	ground cover 
Transect similarity was compared by Jaccard's coefficient of community 
similarity (CCj) as suggested by Phillips (1959), Brower and Zar (1977), 








Where S1 and S2 = total biomass in communities 1 and 2 respectively, and 
= total biomass common to both communities. 
• In order to better interpret significance of the several treatments, 
such as represented by the three classes of transects, different corridor 
(years), as well as variations from one study area to another, we exposed 
the data of the CQI measurements to two and three-way analysis of variance 
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(5okal and Rohlf, 1969, and Vasek et al., 1975b). Three-way analysis was 
applied to study sites which_ happened to occur together beside two parallel 
corridors, and two-way analysis to study sites which did not. 
The Hutcheson test was applied to watch for differences between diversi-
ty indices existing on transects of the aqueduct systems (Hutcheson, 1970). 
The test was based on biomass values provided by perennial species. 
Linear regression analyses were done to test for correlations of distur-
bance intensity with land form (% lope), community quality indices, and 
percent change biomass (Texas Instruments Inc., 1977) 
For analyses of study areas representative undisturbed soil samples, 
gas pressure extractor from SolImoisture Equipment Co. (1976) was used. 
Munz (1974), Jaeger (1976), and Kay (1979) were consulted for plant 
identification and references. Perennial plant species composition (rela-
tive 'biomass) was condensed to include the dominant shrubs, such as Larrea 
tr_identata (creosote bush), Ambrosia dumosa (burrobush), and Alii2j_ex sp. 
(saltbush) representing LL perennials, and Hymenoclea salsola (cheesebush) 
representing SL plants.. Remaining species in transect study plots were 
summed as an aggregate and are considered as "Other LL and SL" respective- 
ly. 
RESULTS 
The plant response to the construction of the Los Angeles aqueduct sys-
tems in the Mojave Desert was studied comparatively looking at the parame-
ters of productivity, diversity, and stability in disturbed and control 
transects. For accuracy, several measurements for each of the above para-
meters were used. 
Along with the quantifications of these parameters, it was also neces-
sary to look_ at some unmeasureable aspects of the plant's response process. 
In order to better interpret the results we approached each parameter in 
terms of different stages of comparisons. Primary coparisons should be 
among the types of transects at each study site, secondary comparisons 
should be among study areas within aqueduct corridors, and lastly between 
aqueducts (year of construction). Observations of the different parameters 
will help to evaluate the impact of utility construction on the perennial 
vegetation. 
Productivity, 
Table 3 summaizes the measures used for estimation of perennial plant 
productivity, showing the mean and standard error for the number of species 
per site, ground cover, density, and biomass. In terms of primary compari- 
• sons, there is very little variation between the mean values among the tran-
sects of the 1913 aqueduct. On the 1970 system the productivity measure is 
significantly lower in the disturbed transects compared to the control. 
For secondary comparisons, the 1913 aqueduct presents mostly higher produc-
tivity measures than for the respective transects on the 1970 aqueduct. 
The mean biomass is similar for the control transects of both systems and 
significantly different for their disturbed transects, with _the 1913 road 
edge showing higher biomass than any other transect. 
Table 3 resulted from the condensation of study areas values of the aq-,  
ueducts presented in Tables 4 and 5. Analysis of productivity ratios (PR) 
seems to indicate a general decrease fo density, cover, volume, and biomass 
ratios for the 1970 system oposed to the 1913. Changes between disturbed 
and control transects appears to be greater for the 1970 aqueduct than that 
on the 1913 barrel. 
Considerable variation occurs along the 11th and 15th study areas of the 
1913 and 1970 Los Angeles aqueducts respectively. Number of species ranges 
from 3 to 14 along disturbed transects of the 1913 aqueduct and from 1 to 9 
for the 1970 system (Tables 4 and 5). Control transects shows 89 	539 
individuals per transects (density) for the 1913 aqueduct and 61 to 539 for 
the 1970 system. Such variations may result from local differences in topog-
raphy, percent slope, exposure, elevation, substrate, and microclimate of 
the different study areas. 
Percent change values for biomass columns of Tables 4 and 5 were analyzed 
for possible relationships with plant communities and topographical charac-
teristics. Table 6 shows the common communities occurance indicating a t - 
tal of 4 against 8 positive change transects on the creosote bush scrub and 
cheesebush respectively. Twenty eight transects occuring along creosote 
bush showed negative change biomass against only 8 for cheesebush scrub. 
From total study areas there was a ratio of 7:4 creosote bush against cheese 
bush scrub of the 1913 barrel, and 9:4 respectively for the 1970 system. 
Positive changes were more likely to be found on the 1913 aqueduct transects. 
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Table 3. Perennial vegetation along the Los Angeles aqueduct systems by 
year of construction, means + 1Sr. Based on Tahles 4 and 5. 
Number of sites for each of the 3 types of transects is shown 
in C)  for each year. Biomass given by kilogram per square meter. 
Mean number of 
Transect 	Species per site Ground Cover % Density 	Biomass 
1913 (11) 
Control 	9.6 + .8 	7.0 + .8 	203 + 38 	.07 + .10 
Right of way 7.0 + .7 	7.1 + 1.3 
	
175 + 34 	.05 + .013 
Roadedge 	6.5 + 1.1 	6.9 + 1.5 	162 + 25 	.08 + .017 
1970. (15) 
Control 	8.2 + 2.4 	5.8 + .6 	'52 + 30 	.07 + .007 
	
__ __  
Right of way 5.1 + .6 	2.8 + .4 	76 + 10 	.03 + .006 __ __ __ 
Roadedge 	3.9 	 .5 + __ 2.8 	 .6 + ___ 83 + 18 __ 	.03 +,008 
Table 4. 	Analysis of perennial vegetation along the 1913 aqueduct. Tr = transect; 
A = control 8 = right' of way; C= roadedge; PR = productivity ratio; 








PR 	(m /200m,') 	PR 
• Biomass 
(Kg/ma') • PR 
% change 
•Study area 1 
A 	6 	7.85 	163 	6.1041 	.0950 
B 	6 	3.53 	.45 	167 	1.02 	2.4810 	.41 	.0372 	.39 	61 
C 	5 	2.93 	.37 	51 	.31 	2.4251 	.40 	.0425 	.45 55 
Study area 2 
A 	7 	6.21 	• 	242 	5.3360 	• .0776 
B • 	 4 	• 8.24 	1.33 	172 	.71 	5.3192 	1.00 	.0795 1.02 	•4 
C 	• 3 	• 3.72 • .60 	202 • .83 	1.8023 	.34 	.0527 .68 	•32 
Study area 3 
A 	8 	• 	8.07 	297 	• 6.3866 	.0825 	• 
B • 	 7 	3.18 	• .39 	119 	.40 	• 2.2537 	.35 	.0339 	.41 	59 
C 	8 	2.74 	.34 	288 	• .97 	1.2641 	.20 	.0246 	.30 70 
Table 4 contd. 
Number 	Ground 	 Density 	 Volume 	 Biomass 	 . % change of species cover (70) PR 	(n/200ma) PR 	(m, /200m3) PR 	(Kg/ms) PR 
Study area 4 
A 	10 
4 
Study area 5 
13.16 	 89 	 6.9609 	 .0973 
10.86 	.83 	170 	1.91 	7.9450 	1.14 	.0110 	.12 	 88 
12.56 .95 	135 	1.52 10.8809 1.56 .1632 1,68 	68 
A 	10 	5.87 	539 	4.0619 	.0735 
B 	6 	9.56 1.63 	512 .95 	6.6702 1.64 .1000 1.36 	36 
C 	5 	18.94 3.23 	250 .46 12.5851 3.10 .1905 2.59 159 
Study area 6 
A 	9 	9.91 	110 	8.1120 	.1423 
B 	8 	16.02 1.62 	108 .98 	9.1944 1.13 .0117 .08 	92 
C 	4 	6.03 	.61 	66 	.60 	5.4334 	.67 	.0795 	.56 44 
Study area 7 
A 	6 	5.29 	206 	3.0756 	.0338 
B 	7 	11.09 2.10 	154 .75 	8.9803 2.92 .1270 3.76 276 
C 	4 	6.63 1.25 	280 1.36 	.4323 .14 .0378 1.12 	12 
Table 4 cont'd. 
Number 	Ground 	Density 
of species cover (% PR 	(n/200ma  
Volume 	Biomass 	% change 
PR 	(m /200m3) PR 	(Kgima) 	PR 
Study area '8 
A 	11 	5.80 	169 	3.4115 	.0645 
B 	9 	4.09 	.71 	141 	.83 	3.3881 	.99 	.0421 	.65 	35 
C 	10 	4.99 .86 	159 .94 	4.1070 1.20 	.0578 .90 10 
Study area 9 
A 	12 	5.30 	141 	3.1880 	.0524 
B 	5 	6.75 1.27 	111 	.79 	5,7954 1.82 	.1085 2.07 	107 
C 	6 	8.97 1.69 	169 1.20 	7.1783 2.25 	.1348 2.57 	157 
Study area 10 
A 	15 	6.90 	150 	4.8180 	.0789 
B 	10 	1.79 	.26 	103 	.69 	.8624 	.18 	.0106 	.13 	87 
C 	14 	2.61 	.38 	78 	.52 	1.8593 	.39 	.0280 	.35 65 
Study area 11 
A 	12 	3.01 	135 	1.7182 	.0207 
B 	11 	3.49 1.16 	174 1.29 	1.8503 1.08 	.0230 1.11 	11 
C 	10 	5.82 1.93 	104 	.77 	4.3358 2.52 	.0550 2.66 	166 	; W 
CD 
1 
Table 5. 	Analysis of vegetation along the Los Angeles aqueduct constructed in 1970. 
Headings as in table 4 . 
Number 	Ground 	Density 
Tr 	of species cover (%) PR 	(n/200e) PR 	(m /200m3) PR 	•(Kg/m) 	PR 
Volume 
	
Biomass % change 
Study area 1 
A 	5 	3.59 	96 	1080 	.0607 
B 	5 	3.71 1.03 	112 	1.17 	2.1659 	.53 	.0326 	.54 
	
46 
C 	4 	1.63 	.45 	37 	.39 	1.0965 	.27 	.0147 	.24 76 
Study area 2 
A 	6 	5.27 	150 	2.4332 	.0741 
B 	3 	1.83 	.35 	111 	.74 	.6986 	.29 	.0273 	.37 	63 
C 	3 	3.72 	.71 	202 	1.35 	1.8023 	.74 	.0527 	.71 29 
Study area 3 
A 	
5 	
5.97 	61 	6.7640 	.0896 
B 	8 3.35 	.56 	111 	1.82 	2.1138 	.31 	.0369 	.41 	59 
C 	3 	3.72 	.62 	202 	3.31 	1.8023 	.27 	.0527 	.59 41 
Table 5 contid. 
Number 	Ground 	Density 	Volume 	Biomass 	% change 
of species cover (%) PR 	(n/200m) PR 	m /200m3) PR 	(Kg/re) 	PR 	. 
Study area 4 
A 	7 	4.52 	129 	2.7358 	.0515 
B 	9 	1.16 	.26 	11 	.32 	.9215 	.34 	.0106 	.21 
C 	6 	1.31 	.29 	40 	.31 	.6735 	.25 	.0084 	.16 	84 
Study area 5 
A 	8 	4.91 	245 	3.3236 	.0525 
B 	3 	1.26 	.26 	34 	.14 	.8035 	.24 	.0083 	.16 	84 
C 	I 	.18 	.04 	9 	.04 	.1116 	.03 	.0011 	.02 98 
Study area 6 
A 	10 	13.16 	89 	6.9609 	;0973 
B 	1 	4.61 	.35 	63 	.71 	2.5515 	.37 	.0383 	.39 	61 
C 	2 	4.93 .37 	161 1.81 	2.4920 .36 .0374 .38 62 
Study area 7 
A 	10 	5.87 	539 	4.0619 	.0735 
B 	8 	6.65 1.13 	147 .27 	5.6203 1.38 	.0845 1.15 	15 
4 





















110 	8.1120 	.1423 
4.33 .44 
	
39 	.35 	3.6981 .46 .0496 .35 	65 
9.80 	.99 
	
97 	.88 	8.0714 	.99 	.1185 	.83 	17 
Study area 8 
A 
Study area 9 
A 
2 
Atudy area 10 
A 	12 
	
5.29 	206 	3.0756 	.0338 
1.33 	.25 	64 	.31 	•.7077 	.23 	.0082 	.24 	76 
.45 	.09 	8 	.04 	.3431 	.11 	.0039 	.12 	88 
4.16 	78 	3.1304 	.0714 
B 	4 0 
	
3.68 .88 	87 1.12 	3.0322 .97 	.0453 	.63 	37 
C 	4 	2.05 	.49 	45 	.58 	1.2358 	.39 	.0181 	.25 	75 
Study area 11 
A 	11 	5.80 	169 	3.4115 	.0645 
B 	8 	2.84 .49 	116 .69 	1.6407 .48 .0208 .32 	68 
C 	5 	5.23 .90 	59 .35- 	4.2839 1.26 	.0029 .98 	2 /, 
• Number 




cover (%) PR 	(n/200m 
Volume 
PR 	(m /200m3) PR 
Biomass 	% change 
(Kg/m4) PR 
Table 5 cont'd. 
Study area 12 
A 
Study area 13 
A 
Study area 14 
4.57 
	
98 	3.0714 	.0498 
4.09 .89 
	
80 	.82 	3.7367 1.22 	.0556 1.12 	12 
3.24 .71 
	
138 1.41 	2.1063 .69 	.0295 .59 41 
5.51 	74 	4.6389 	.0653 
1.98 	.36 	• 	103 	1.39 	1.0300 	.22 	.0121 	.19 	81 
2.03 .37 	103 1.39 	.9463 .20 • .0124 .19 81 
A 	5 	5.48 
	
2 •• • .89 	.16 
2 	.35 	.06 
Study area 15 
A 	12 	3.01 
1.01 	.34 




.05 	1.0306 	.29 • 	.0103 	.19 	• 	81 
.03 	.3319 	.09 • 	.0034 	.06 94 
135 	1.7182 • .0267 	• 
39 	.29 	• .5311 • 	.31 	.0071 	.27 	•• 73 
30 	.22 	• 	.8630 	.50 	.0122 • .46 119 
Table 6. 	Distribution of percent change biomass along disturbed transects 
of the Los Angeles aqueduct in relation to plant communities. 
Calculations are based on percent change values for biomass co—
lumns of Tables 4 and 5. N = number of transects; X = mean; 
SD = standard deviation; Pos and Neg = positive and negative 
biomass change respectively. 
Plant communities 
TRANSECTS 
Right of way 	Roadedge 
Pos 	Neg 	Pos 	Neg 
 
Creosote bush scrub 
  
N 	2 	14 	2 	14 
7.5 	72.79 	117 	65.93 
SD . 	4.95 	13.87 	69.3 	30.1 
Cheesebush scrub 
N 	5 	3 	3 	5 
ii. 	89.2 	49.33 	109.33 	56.2 
SD 111.25 23.12 	84.3 31.01 
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For the 1913 aqueduct total sampling in relation to landform showed 
a ratio of 2 Hill:4 U fan:1 D fan:3 Desert wash:1 sand cov'd fan. The 
1970 system study areas occured in the form of 5 Hill:4 U fanzl D fan: 5 
Desert wash:], sand cov'd fan. Table 7 point to a general pattern of in- 
creased positive change on transects occuring along level terrains, such 
as undifferentiated fans, desert washes, and san covered alluvial fans. 
That is, there might be a possible relationship between the slope of the 
terrain and the amount of recovery that takes place after a major disturb-
ance, .Figure 6 and 7 illustrate this by showing the 1970 aqueduct at a 
'desert wash (level) and then climbing a hill. Pictures were taken just 
after construction (Fig. 7) and approximately 8 years later (Fig. 6). 
Natural reproduction appears to be good on the flat areas but poor on the 
steep slopes vulnerable to erosion (Kay, 1979). 
• Diversity  
Mean of diversity measures are listed in'Tables 8 and 9, richness, 
equibility, and diversity, index values ranging from zero to infinity. 
The values for evenness ranged from zero to +1. Comparison of transects, 
study areas, and aqueducts shows consistency with productivity results. 
Diversity measures were lower on the disturbed transects of each aqueduct 
compared to its control. Also, most of the paired respective transects 
of both aqueducts when compared, show higher diversity values on the 1913 
aqueduct than on the 1970 system. The diversity index data present sig-
nificantly different values when compared, particularly in comparing the 
disturbed transects of both systems, eventhough these measures present 
different variations from the mean values. 
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Table 	Summary of percent change biomass for the 1913 and 1970 Los 
Angeles aqueduct poolled in relation to topography of the 
differents study sites transects. Headings as in Table 6. 
TRA.NSECTS 
Right of way 	Roadedge 
Landforms of study areasEQ5 Ij g 
Hill 
7 
76.29 	 74.43 
SD 	 10.81 	 23.26 
Undifferentiated fan 
2 	6 	2 	6 
3r 
	
140 	73.5 	40 	47.33 
SD 	192.33 	14.12 	39.6 	24.8 
Dissected alluvial fan 
1 	1 	1 	1 
35 	73 	166 	119 
Desert wash 
2 	5 	1 	6 
	
59.5 	49.4 	157 	43.17 
SD 	67.18 	14.6 31.72 
Sand Y covered fan 
2 	1 	1 
13 166 	67 
SD 	2.83 
Fig. 6. View of the 1970 Los Angeles aqueduct going across a 
desert wash and climbing hill near Jawbone Canyon on 
the NE side. Photograph taken August, 1978. 
Fig. 7. View of same area as above just after construction time 
of the 1970 Los Angeles aqueduct. Photograph courtesy 
of the LAMP. 

There appears to be a decrease of diversity index for the disturbance 
transects of both_ aqueducts compared to their respective controls. The 
1970 system showing lower diversity index values (Tables 8 and 9). 
Stability 
Comparisons of stability among transects study areas, and aqueducts 
may be analyzed by observing percent composition (relative biomass) and 
relative age values (Table 10, Fig. 8), the community quality indices 
(Table  12), and the coefficient of similarity for transects (Table 13). 
Table 8 gives the mean percent biomass provided by the dominant peren-
nial shrubs on each aqueduct transect, with their respective variations. 
It also includes the mean total biomass, making at times the Total LL 
added to the Total SL value go over the 100%. Figure 8 is an illustration 
• of the percent composition of perennial species showing their participa-
tion along the different transects of both aqueducts. The percent compo-
sition of the control transects of both sytems is roughly similar, with 
some exceptions. The 1913 aqueduct has slightly grater biomass than the 
1970 system, as shown in Tables 10 and 11, and in Figure 8. The 1970 
aqueduct seems to present significantly higher percentage of Larrea triden-
tata and Hymenoclea salsola than the 1913 considering control transects. 
Analyses of the 1913 system right of way transects indicate greater biomass 
for Chusothamnus nauseousus hololeucus and Chrysothamnus paniculatus than 
than that for the 1970 aqueduct. Hymenoclea salsola, however, has a higher 
concentration for the. 1970 system. Relative composition of the roadedge 
. and right of way transects was very similar for both aqueducts. The right 
of way and roadedge transects, however, show slight decrease of Larrea  
Control 
•  Study 
area Ec 	V 	DI 
Table 8. 	Diversity measures from above ground plant biomass for 1913 aqueduct transects and study 
areas. R = richness; Ec = equibility; V = evenness; DI = diversity index. Values omitted 
are due to either low figures for R or excessive dominance of one species in the transect, 
making calculations unreliable. IT= mean; Sd = standard deviation; SE = standard error. 
TRANS ECTS 
Right-of-way 
Ec 	V 	DI 	R 	Ec 	V 	DI 
Roadedge 
	
1 	6 	4.66 	.73 	8.41 
2 	7 	4.98 	.72 	7.08 
3 	8 	5.57 	.45 	5.06 
10 	12.06 	.46 	7.17 
10 	6.24 	.82 	8.24 
9 9.35 • .59 12.06 
6 	4.30 	.28 	1.24 
11 	10.24 	.76 	7.03 
13 	13.98 	.50 	4.20 
10 	15 	16.64 	.76 	9.30 
6 	4.61 	.78 	3.48 	5 	5.92 	.51 	2.71 
4 	2.75 	.08 	.80 	3 	1.82 	.61 	2.76 
7 	6.4 	.89 	3.80 	8 	5.63 	.45 	1.48 , 
4 	2.76 	4.06 	3 	2.06 .04 
6 	3.39 	.003 	.23 	5 	3.25 	.02 	.96 
8 	8.02 .74 11.65 	4 3.83 .47 4.10 
7 	5.82 	.69 	11.16 	4 	2.39 	.28 	1.22 
9 	8.42 	.65 	3.75 	10 	9.22 	.82 	6.57 
5 	4.21 .67 8.25 	6 4.62 .74 12.03 
10 	11.29 	.66 	1.03 	14 	21.69 	.78 	3.41 
Control 
Ec 	V 	Di 
12 	12.82 	.88 	3.40 
Right-of-way  
Ec 	V 	DI 	R 	Ec 	V 	DI 





Table 8 contid. 
	 TRANSECTS 
	
Y 	9.73 9.17 	.63 6.65 	7 	6.16 	.56 	4.60 	6.54 6.50 .54 3.73 
Sd 	2.90 4.30 	.19 3.01 	2.32 2.96 	.29 4.20 	3.53 5.83 .25 3.41 
SE 	.87 1.30 .06 	.91 	.71 .89 .09 1.21 	1.06 1.76 .08 1.03 
Table 9. 	Diversity measures from above ground plant biomass for 1970 aqueduct transects and study 




Ec 	V 	DI 
Right-of-way 
R 	Ec 	V 	DI 
Roadedge 
R 	Ec 	V 	DI 








5.08 	.80 	1.22 




5 	5.41 	.08' 	1.85 	8 	'7.95 	.72 	3.57 	3 	1.82 	.61 	2.76 
4 	7 6.22 .76 5.01 	9 16.78 .68 1.09 	6 8.85 .67 .74 
5 	8 	5.9 	.94 	6.41 3.55 	.05 	.13 	1 
6 	10 	12.06 	.46 	7.17 	1 	 2 	1.22 	.03 
• i 	10 	6.23 .82 8.23 	8. 7.05 	.60 	4 3.14 .06 	.27 
8 	9 	9.35 	.61 	12.06 	6 	9.02 	.42 	3.20 	4 	0.3 	.48 	6.11 
9 	6 	4.3 . 	.28 	1.24 	3 	2. 63 	.66 	.47 	2 
10 	12 	17.05 	.60 	6.91 	4 	'3.43 .11 	4 	4.56 	.24 
11 	11 	10.33 	.78 	7.03 	8 	7.75 	.53 	1.54 	5 	5.48 	.30 	'2.66 
12 	9 	9.85 	,57 	4.12 	5 	4,24 	.03 	.83 	6 	4.45 	.15 	.87 







R 	Ec 	V 	DI 	R 	Ec 	V 	DI 	R 	Ec 	V 	DI 
	
13 	4 	3.67 	.51 	3.58 	6 	5.56 	.42 	.67 	6 	5.51 	,7 	1.12 
14 	5 	4.35 	.65 	4.07• 	2 2 .03 
15 	12 	12.82 	.88 	3.40 	6 	• 8.97 	.36 	.42 
	
7 	14.24 	.33 	.83 
3r 	7.93 7.79 	.60 5.28 	5.13 6.41 .40 1.14 	3.93 4.95 .47 	1.51 
Sd 	2.71 3.94 .23 2.75 	2.44 3.92 .26 1.15 	1.79 3.59 .25 1.70 

































Table 10. 	Biomass by transect in terms of species longevity on 1913 LA aqueduct. LL . long lived 




	  % biomass provided by 
Larrea 	Ambrosia 	Atriplex Chrysothamnus Total 	 Hymenoclea Total SL 
      
      
Control transect (A) 
	
1 	.095 	34.89 	.08 	39.39 
2 	.0776 	' 47.54 	12.02 
3 	.0825 	67.26 	6.55 
4 	.0973 	59.48 	13.07 
5 	.0735 
6 	.1423 	10.36 
7 	.0338 
8 	.0645 	.09 	12.58 
9 	.0524 	2.1 	.22 	51.91 	3.88 
10 	.0789 4.44 
11 	.0267 	.3.19 	9.77 	13.22 




% biomass provided by  










SD 	.0319 	27.15 	5.52 
	
16.68 	4.04 	27.09 
	
22.66 	27.13 
Right of way transect B) 
1 	.0372 	2.42 	28.31. 	37.68 
	
26.74 	62.32 
2 	.0795 . .09 94.84 	94.93 
	
.73 	5.07 
3 	.0339 	12.17 	29.37 	 64.67 35.33 
4 	.0116 	17. 19 - 81.82 	99.01 	.99 
5 	1 98.83 	98.83 	.38 	1.17 
6 	.0117 	29.77 • 	L 7.16 	4.52 	53.78 	37.52 
	
46.22 
7 	.127 76.97 	76.97 	8.47 
	
23.03 
8. 	.0421 	7.75 	14.,5 • 	 24.44 	47.47 
	
75.56 
9 	.1085 . 	50.65 	34.58 	92.23 	4.61 
	
7.77 





% biomass provided by 
 
Larrea 	Ambrosia 	Atriplex 	Chrysothamnus 	Total LL 	Hymenoclea Total SL 
 
    
	














3r 	.0532 	6.11 	7.14 	7.18 	38.82 	68.47 	13.01 
	
31.53 
SD 	.0428 	'9.9 	9.88 	16.73 	40.89 	28.31 	16.74 
	
28.31 
Roadedge transect (C) 
1 	.0425 	.07 
2 	.0527 	4.35 
.0246 	5.9 
4 	.1632 	.11 
.1905 






















% biomass provided by 
Larrea Ambrosia Atriplex Chrysothamnus 
       
Total LL 	Hymenoclea 	Total SL 
             
             
             
             
	
7 	.0378 
.0578 	3.99 	13.71 , 
.1348 
10 	.028 
11 	.055 	21.19 
4.29 	83.3 
16.35 	40.09 	20.65 
32.71 	40.45 	91.39 	2.77 
2.16 	13.38 	62.48 	.37 






5r 	.0788 	3.98 
	



















% biomass  provided by  
  
Larrea 	Ambrosia 	Atriplex Chrysothamnus .Total LL 	Hymenoclea 	Total SL 
          
          


















2 	.0741 	4.41 
	
19.1 	72.73 
3 	.0896 	89.34 
	
6.86 
4 	.0515 	15.95 
	
34.22 
5 	.0525 	8.9 
	
9.65 




8 	.1423 	48.28 	10.36 
9 	.0338 
10 	• .0714 H 	1.44 •3.01 	42.7 
11 	.0645 	.09 	12.58 












34.32 	• 	36.9 
Table 11 cant'd. 
Total 	 % biomass  provided by  
Study 	biomass 
area 	(Kg/m2) 	Larrea 	Ambrosia 	Atriplex Chrysothamnus Total LL 	Hymenoclea 	Total SL 
13 	.0653 	67.25 	.82 . 94.64 5.36 
• 14 	.0549 	16.86 	57.9 	 . 75.87 	16.2 	24.13 
• 15 	.0267 	3.19 	9.77.- 13.22 	63.1 5.69 	36.9 
.0672 	24.8 	13.41 	, 7,7 	.88 	70.93 	12.65 	29.06 
SD 	.0279 	30.5. 	15.57 	21.09 • 	3.41 	29.45 	21.05 	29.45 
Right of way transect (B) 
.0326 	• 	2.14 	3.61 	54.3 	60.05 	39.51 	39.95 
.0273 	•.37 	1.67 	97.96 100 
3 	.0368 	7.72 	20.16 	43.98 	71.86 	24.32 	28.14 
4 	.0106 33.5 25.68 	62.79 	12.18 	37.2' 
5 	.0083 	 91.55 	100 
6 	.0383 100 	100 	 I Ln 
CD 
i 






% biomass srovided by 






11 	.0208 	1.46 
12 	.0556 .37 
13 	.0121 	.52 	16.45 

































3r 	.0298 •  4.04 • 5.16 	13.08 	19.55 	43.36 	30.59 56.64 
SD .0225 	12.82 10.06 	29.17 , 31.84 	39.43 	34.67 39.43 




% biomass provided by 
Larrea 	Ambrosia 	Atriplex Chrysothamnus Total LL 	Rymenoclea 	Total SL 
Roadedge transect (C) 
	
I 	.0147 	1.53 	29.59 	31.12 
	
24.93 	68.88 
2 	.0527 	4.35 	27.21 	68.43 100 
3 	.0527 	4.35 	27.21 	68.43 	100 
4 	.0084 9.29 43.05 	56.11 	6.47 	41.89 
5 	.0011 	 100 	100 
6 	.0374 	.4 	 96.6 	100 
7 	.0244 94.33 	94.33 	2.58 	5.67 
8 	.1185 	7.14 	 70.99 	78.13 	1.4 	21.87 
9 	.0039 63.89 	100 
10 	.0181 	 1.94 	1.94 	4.6 	98.06 
11 	.0629 .59 	17.89 	18.48 	4.69 	81.52 
12 	.0295 	1.04 .32 	2.84 	12.95 	97.16 
Table 11 cont'd. 
Total 
Study 	biomass 
area 	(Kg/m2) 	Larrea 	Ambrosia 	Atriplex Chrysothamnus Total LL 	Hymenoclea Total SL 

















.0301 	1.68 	5.97 	11.1 	21.67 	48.04 	25.09 	51.96 
SD 	.0313. 	3.02 	9.8 	24.49 	36.25 	41.78 	34.97 	41.78 
% biomass provided by 
54 
Fig. 8. 	Graph comparing the mean percent (X) biomass provided 
by long-lived (LL) and short-lived (SL) perennials on 
transects of the Los Angeles aqueduct systems. 
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ridentata and Ch- ysothm4,,mus species and an increase of Hymenoclea salsola  
• • on the 1970 system compared to the respective transects of the 1913 system.. 
Primary analysl,S indicates decrease of species, for most ,disturbed tran-
sects as compared to their controls. It is interesting to note that the 
Chrysothamnus species are increased in the disturbed areas while most of 
the other species are reduced, compared to the control areas. There is a 
reduction. of the percent composition of Hymenoclea salsola in the. 1913 • 
aqueduct while the. 1970 system shows an increase of this species. Rela-
tive biomass for the control transects for both systems are approximately 
• the same. for long-lived and short-lived species. The disturbed transects, 
howver, show higher percentage of long-lived species for the 1913 aqueduct 
; than for the 1970. Long-lived species of the 1913 aqueduct have similar 
- means for biomass. 	with an approximately uniform standard error for control 
and transects of disturbed areas. However, for the 1970 system transects • 
of right of way and roadedge show a reduction in long-lived Species 
.•(Fig. 8).• 
, Table 12 sumarizes the data of the community quality index (CQI) for 
perennial Vegetation along the Los Angeles aqueducts. The CQI values for 
the 1913 aqueduct transects-show no significant change in the vegetation 
- quality, The 1970 system, however, shows significant reduction in the 
disturbed areas compared to the control transects. In general, the quail- 
. ty•of the 1913 recovered vegetation seems to be higher than that on the 
• 1970 system respective transects. 
The means for coefficient of similarity for pairs of. transects (CCj) 
values are shown. in Table 13:. The similarity between the control and 





Table- 12.. Community- Quality - Index (_CQI.) for . pe ennial vegetation 
along - the Los Angeles aquedUctS: by:  year of cons. truct ion . 
A = Control 	= right of way; C = .oadedge,:;. 	Mean; 





5.92 	1.57 	1.63 
	1 	3.52 	1.89 	.8 
4.53 	7.96 	3.72 	2 	5.26 	1.83 
	
3.72 
7.01 	2.77 	2.57 	3 	5.93 	2.43 
	
3.72 
12.24 10.82 3.54 	4 3.93 .66 .52 
2.04 	9.5 	18.8 	5 	2.51 
9.14 12.93 5.26 	6 12.24 4.61 4.93 
.62 	8.75 	.83 	7 	2.04 	6.53 	2.89 
4.67 	1.91 	2.39 	8 	9.14 	4.09 	9.06 
3.03 • 	6.11 	8.04 	9 	.62 	.6 
4.9 	.9 	1.91 	10 	2.75 	 .32 
2.06 	3.01 	5.28 • 	11 	4.67 	.89 	2.16 
12 	2.39 	1.08 	.62 
13 	5.33 	.95 	1.24 
14 	4.57 	.05 	.07 
15 	2.05 	.81 	.84 
5.1 	6.02 	4.91 	4.46 	1.76 	2.06 




Table 13. 	Jaccard t s Coefficient of Similarity for pairs of transects 
alon the Los Angeles aqueduct systems by construction. 
dates. Headings as in Table 12. 
Compared Transects 	1970 





.511 	.495 .056 	.026 
.052 .178 
	
2 	.538 .828 
3 	.247 	.13 	3 	.146 	.119 
.187 .001 	4 	.152 .07 
.012 	.02 	5 	.241 	.042 





A / B 
	
A/C 
.895 	7 	.03 	.027 
.295 	8 	.279 
.399 	9 	.164 	.207 
.059 	10 	.147 .206 
.286 	11 	.2 	.052 
12 	.024 .107 
. 	13 	.05 	.114 
14 	.273 .116 






3E 	.253 	.261 	.16, 	.148 
SD 	.17 .263 .138 .201 
of the 1970 system. On comparing the roadedg,a to their control transects 
respectively, the 1913 'shows higher similarity. also.' Generally, a similar 
ity coefficient of approximately 0.7.is. conside -ed'an indication of virtual 
identity (Whittaker, 1975'4. Only the ±oaded.ge transects of study areas 7 
on the 1913, and 2 on the 1.970 aqueduct appears to be significantly 
similar to their respective controls (Table 13). 
A summary for the results of the Hutcheson t s test for diversity values 
of the aqueduct transects is presented in Table 14. Comparative analyses 
of diversity indices for both aqueduct right of way, control and roadedge 
transects appeared to be not significantly different for control and road-
edge transects. However, the results indicate a significant difference 
at the 98% level between the diversity index found along the right of way 
transects of the 1913 and 1970 constructions. 
Data of the community quality index (Table 12) were treated to a three-
way analysis of variance test. Corridors (year of construction), year. (Yr), 
transects (Tr), and study areas (SA), were compared. The results' are shown 
in Tables 15 and 16 indicating significant values. As a direct source of 
variation among CQI values, the 1913-1970 aqueduct interaction reached sig-
nificance at the 5 percent probability level for paired comparison of cor-
ridors (Yr) where the study areas (7 of them) were side by side on the 
two aqueduct systems. The main effects due to differences in the several 
study areas (SA) were found to be significant for the seven study sites 
also (P4%05). Differences in transects (Tr) were apparent for the'compar-
isons of the four study areas, being significant at the 95% level (Table 16). 
To further compare differences between control and disturbed transects, 
due to aqueduct construction activities, measurements of total percent 
Table 14. Results of Hutcheson's test for aqueduct transects diversity index comparison. Ho= null 
hypothesis; Ha = alternate hypothesis; H = diversity index; NS = not significant. 
Ho: The diversity index of plants encountered on the 1913 aqueduct transects is the same 
• as the diversity index of plants of the respective transects along the 1970 system. 
Ha: The diversity index of the 1913 aqueduct transects is not the same as that on the 





Roaded  e 
    
     
1913 	1970 	1913 	1970 • 13 	1970 
H 	.7701 	.7396 	.8756 	.7479 	.7703 	.7713 
Variance of H 	•.0014 	.001 	.0018 	• .0099 	.0022 .0002 
Significance level 	•0.05 	• 0.05 
	
0.05 
Calculated t value .6146 . 2.407 • .0176 




(two tailed test) 	1.972 	 1.973 	 1.974 
Decision 	• Accept Ho Reject Ho Accept Ho 
P value NS 	• 	• 	 0.01*(1'40.02 	NS 
• Table 15. 	Analysis of Variance for CQI values of table 12. Study 
areas 1, 4, 5, 7, 8, 9 and 11 of the 1913 aqueduct occur 
beside areas 1, 6, 7, 9, 11, 12 and 15 of the 1970 aqueduct 
respectively. Ss = sum of squares; df = degrees of freedom; 
Ms = mean square; F = variance ratio; Sig. = relative sig-
nificance; NS = not significant; 0.05, 0.01, 0.001 . levels 
of significance. * = corrected value of F for A variation. 
Aqueducts 1913 & 1970 seven sample areas 
Ss 	df 
	
Ms 	 Sig. 
Main effects 
A - aqueducts 	72.22 	1 	• 76.22 	9.16 	< 0.05 
B - transects 	1.36 	2 	•.68 	.08 	NS 
C - study areas 	217.38 	•6 	36.23 	4.36 	<0.05 
First order 
interaction 
AB 	27.12 	2 	13.56 	1.63 	NS 
AC 38.1 	6 	6.35 	.76 	NS 





ABC 	• 	99.84 	12 	• 8.32 
Table 16. 	Three-way Analysis of Variance for CQI values of table 12. 
Study areas 2, 3, 9 and 10 of the 1913 aqueduct are compared 
with areas 2, 3, 4 and 5 of the 1970 aqueduct respectively. 
Headings as in table 15. 
AALJeducts 1913 & 1970 four sample areas 
Source of 
van i ati on 




12.53 	1 	12.53 	* .58 	NS 
- transects 
	
36.94 	2 	18.47 	4.62 	< 0.05 
First order 
interacti on 





47.91 	12 	3.99 
*Variation among areas 
within corridors 
C(A) 	129.77 	6 	21.63 
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change Can biomass were summed for all study areas of both aqueducts 
(Fig. 9). The results are Significant in that out of the 52 transacts 
measured 40 showed negative response with comparatively narrow standard 
errors (SE), whereas only 12•transect sites had positive responses. The 
wide SE for the positive transect means, indicate sporadic and highly 
variale responses, particularly for the 1970 aqueduct. The 1913 system 
transects show a higher positive response for percent change biomass than 
the 1970 system, but the importance of these positive responses are not 
as great when considering the smaller number of transects responding in 
this manner. 
Results of the regression analyses (Fig. 10) show significance only for 
the right of way transects of the 1913 aqueduct, with a negative correla-
tion between the quality of the vegetation ( Q1) and the percent slope 
at the different study areas. This is consistent with results showed in 
Table 7 and illustrated in Figures 6 and 7 comparison. Here again, vege—
tation quality and recovery seems to be affected by percent slope of the 
disturbed terrain. Vegetation quality decreases with increased percent 
slope of the disturbed area (Fig. 9). 
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Fig. 	Percent change (A%) biomass of disturbed transects along 
the 1913 and 1970 Los Angeles aqueducts, indicating means 
(A), standard error (vertical line), and the number of 
transects for each mean. 
AS 
113 	 A15 
x:2 
1913 1970 1913 1970 1913 1970 1913 1970 
Positive Negative Positive Negative 
RIGHT OF WAY 	 ROADEDGE 
-66�
Fig. 10. Linear regression analysis for right of way transects of the 
1913 aqueduct, plotting coillJ.,mnity quality values (CQI) against 
% slope. K. = number of transects sampled; r = correlation 
coefficient; dp = decision point; equation for line of best 
fit: Y = 8.74 - .23X; regression coefficient (b) = .23 • 
10 	20 	30 
14I 	 GHT OF—WAY 
K::11 
r=—,6808 
12 dp= .602 
Slope 
DISCUSSIM 
A comparative study of the two Los Angeles aqueduct systems was appro-
priate_ and feasable because the 57 year span between construction dates 
provided adequate time for at least partial vegetation recovery on the 
older system, providing data which should be useful for gaining a better 
understanding of the dynamics of perennial plant response to such 
construction in the Mojave Desert. 
Even though this is dealing with complex interactive relationships of 
a variety of parameters and some unmeasurable aspects, it may be possible 
• to get a closer look at the impacts of man-made disturbances on the desert 
ecosystem. The question, how did the Mojave Desert perennial plants 
respond to the construction of the Los Angeles aqueduct systems remains to 
be answered. It is also important to consider what is the damage intensi--
ty of such construction and what can be improved in terms of management 
• procedures. 
Figure 11 illustrates the physical damage done to the desert plant cover 
with the relatively rescent 1970 construction. Bearing in mind the years 
of construction • we should expect different reactions of the parameters of 
productivity, diversity and stability. Particularly, the vegetation recov- 
ery implications of these constructions. In comparing our overall results 
with those of Vasek et al. (1975a, 1975b) and Johnson et al. (1975), their 
conclusions seem to compare favorably with our findings. Some transects 
showed relative enhancement of vegetation, and others drastic disturbance 
due to construction (Fig. 9). Similar results were also derived from our 
Fig. ii. Right of way of the 1970 Los Angeles aqueduct system at 
Indian Wells during construction time, October 1968. 
Photograph courtesy of LAMP. 
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• three. way analysis of variance (Tables 15 and 161, Data of community 
quality index (CQI) and productivity results suplement and compare closely 
to Kay (lg79) observation of poor natural reproduction on steepe slopes 
• compared to flat areas, erosion effecting this. 
In assesing productivity measures of disturbed areas, the 1913 aqueduct 
showed significantly higher productivity than the 1970 system (Tables 4 
and 5). This is interpreted as a reaction to the longer term for recovery 
• on the 1913 system. As far as productivity is concern there seems to be 
in general, a close to the equivalent 100% biomass represented by the 
mean control transects along the 1913 aqueduct. 
The variation between study areas was significant for the study areas 
which were side by side for both aqueducts, as shown in the three-way anal-
ysis of variance results in Table 15. This is interpreted to mean that 
the differences in the year of construction is having its, effect on the 
vegetation of the side by side study areas, perhaps contributing to the 
differences which are significant. The 1913-1970 aqueduct corridor pair 
was significant for the main effect of the source of variation for year 
of construction. This is interpreted to indicate that given enough time 
span, significant differences will show up in the vegetation of the two 
aqueducts. It is very likely that the vegetation of the disturbed area 
transects of the older corridor has revegetated sufficiently to provide 
a greater contrast to the vegetation of the more recently disturbed tran-
sects of the younger aqueduct. 
Diversity measures were also uniform, generally showing increased 
diversity along disturbed transects of the 1913 system (Tables 8 & 9). 
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Hutcheson's test resulted in significantly diferent (P<.02) when 
comparing the index of diversity of both aqueduct systems right of way, but 
not so for their control and roadedge transects. We interpret this as in-
dicating that among the several factors that could have created this condi-
tion, it is the time span for recovery thaes. causing this to happen. It 
is assumed in this project that both aqueduct systems received the same or 
very similar treatment in terms of destruction of plant cover. We reject 
artificial seeding as the factor causing this difference in diversity along 
the right of way of aqueducts due to negative results on this respect 
(Kay, 1979; Rice; 1971a) and our results of productivity and diversity. 
The main conclusion is that evidence does not contradict the idea that the 
-diversity index along the 1913 aqueduct right of way transect is not the 
same as that on the 1970 system respective transects (Table 14). 
Soil Compaction  
• Another possible source of variation among both aqueducts could be that 
represented by the different kind of machinery that were used during con-
struction period. Figures 12, 13 and 14 shows some of the machinery used 
on the 1970 aqueduct, and Figure 11 illustrates physical destruction done 
to the desert plant cover in some areas by them. In contrast to the heavy 
machinery used on the 1970 aqueduct, Figures 15, 16, 17 and 18 shows the 
equipment and materials used on construction of the 1913 aqueduct, such as 
the use of mule teams and other manual equipment of the time. The heavy 
machinery may be causing a more drastic disturbance on the 1970 aqueduct, 
causing more compaction of soil and, thus making it more difficult for 
reseeding compared to the 1913 aqueduct. 
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Fig. 12. Machinery used on conduit sections during construction 
of the 1970 Los Angeles aqueduct, in the vecinity of 
No-lave City. Photograph courtesy of LADWP. 

Fig. 13. 	Equipment utilize during construction of the 1970 
Los Angeles system. Photograph courtesy of the 
LAMP. 
Fig. 14, View showing workman during construction of the 
1970 Los Angeles aqueduct. Photograph. courtesy 
of the LADWP. 

Fig. 15. View of underground conduit construction and workmen's 
camp (background), along the 1913 aqueduct. Photograph 
courtesy of the LADWP. 
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Fig. 16. Workmen and view of a 52-mule team transporting pipe 
section during construction of the 1913 Los Angeles 
aqueduct. Photograph courtesy of the LADWP. 

-79- 
Fig. 17. 	Construction of a major siphon on the 1913 Los Angeles 
aqueduct. Note the 2-mule team on trail way and the 
cement mixer to the right of photograph courtesy of 
LADWP. 
Fig. 18. View of the 1913 aqueduct showing construction site 
for an above ground pipe crossing a canyon in the 
Mojave Desert. Photograph courtesy of the LADWP. 

Webb and and Wilshire (1979) studied vegetation recovery in a townsite 
showing that soil compaction is a major limiting factor for the revegeta-
tion of disturbed desert areas. They felt that the recovery rate of vege-
tation in compacted soil is too low to predict a full-recovery time, and 
that slow recovery of vegetation indicates extremely long recovery time. 
Construction and maintenance activities of a utility construction such as 
the Los Angeles aqueduct, even though unpredictable to some extent, may 
cause similar compaction effects on the environment affecting vegetation 
recovery. 
Rice (1971) suggested that natural revegetation along the 1970 aqueduct 
was not fast enough to prevent erosion by water and wind. Porter (1970) 
suggested all disturbed areas be ripped to relieve compaction. Most dis-
turbed areas where thus ripped in 1971-72 along the 1970 system. Reseeding 
soon after cesation of construction activities was also recomended (Rice, 
1971; Rice and Walgren, 1972), but so far, poor results are reported in 
vegetation come back (Kay, 1979). 
Intensity of soil compaction may be related to differencies in soil tex-
ture percent. Table 1 shows the variety of textures for different study 
"areas. Generally, there seems to be sightly increased percent clay along 
the 1913 right of way, and more percent sand content along the 1970 system 
path. This may be explained by the proximity of the 1913 aqueduct to 
mountain terrain, and the 1970 system is generally closer to the lower 
desert basins of Mojave. Probably, reseeding on sandy areas may take 
place slower than on areas with less or no sand content soils, this, as 
far as long-lived'species are concern. 
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VEGETATION RECOVERY IN TIME 
Productivity  
Recovery of perennial vegetation along the right of way of thel 1930 
aqueduct was estimated to take from 5 to 30 years, and in some places 
70 years by Rice and Walgren (1972). The wide range of these estimates 
reflect the difficulty is assesing time required for such recovery. 
However, the term 'vegetation" needs qualification when used to express 
recovery. Estimates for quantity of the vegetation, such as ground cover 
or biomass will be significantly less than estimates of quality, such as 
percentage composition, for recovery. Rice (1971) reports that the vegeta—
tion re-establishment is extremely slow on most of the 1970 construction 
areas. Kay (1979) reports that most of the 1970 aqueduct is still a highly 
visible scar which will remain so for many more years. This project takes 
a closer look at this problem by considering the quantity and quality of 
the re-established vegetation along both aqueduct systems. 
• It is very difficult to assess the time required for vegetation to return 
to its original condition in terms of composition, ground cover, and biomass. 
For example, any attempt to estimate a time span for recovery of biomass, 
must take into account a number of assumptions, such as: 
1. Predictability is dependent upon many variables: 
a) The degree and nature of the original disturbance. 
b) Prevalence of invader species after construction. 
c) Seasonal and climatic conditions at time of original invasion. 
d) Relative age span of a particular pioneer species. 
e) Variablility of recovery within a particular disturbed site; the 
greater the disturbance, the greater is the variability and pre—
dictability of recovery. 
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£1 Variability of recovery with potential site productivity, which_ 
IS: a function of climate, soil, topography, plant community, etc. 
2. Utility construction results in virtually complete destruction to plant 
cover along the right of ways. 
3. The undisturbed control sites represent vegetation as it occured prior 
to disturbance. 
4. The percentage of recovery for the time span from construction to obser-
vation can be estimated by plotting against the adjacent undisturbed 
vegetation. 
5. Assuming a linear relationship, plotting percentage of recovery of the 
biomass of the control against the biomass of the disturbed site, we 
can predict a rough estimate of a time span for recovery. 
Estimates of a time span for recovery are further made difficult when one 
considers that growth curves are not straight lines and that vegetation at 
disturbed sites in a desert environment may be unable to recover to full cli-
max because the soil has been. changed by the disturbance, that is, soil con-
ditions on the right of way are sometimes drastically different from predis-
turbance soil conditions (Vaek et al. 1975a). Figure 19 shows biomass data 
resulted from this project and approximate recovery curves for both aqueducts. 
Estimation of time span for recovery of the 1913 and 1970 aqueducts were 
determined by plotting average productivity values against year of construc-
tion: Assuming that the succesional vegetative growth was linear, recovery 
time to predisturbance productivity levels was estimated to be approximately 
60 years, after construction have taken place (Fig. 20). The 1913 aqueduct 
seems to have recovered essentially as far as productivity is concerned. 
Fig. 19. , Hypothetical curves for biomass recovery estimating 
the construction times and actual biomass recorded 
during the summer of 1978. Based on aqueduct systems 
right of way data. 
(D= 1970 Aqueduct: Constructed during 1968-70, with 
approximately 10 years for biomass recovery. 
(D= 1913 Aqueduct: Constructed during 1905-13, with 
approximately 68 years for revgetation. 
(IC> 1913 and 1970 Aqueducts combined to show possible 
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Fig. 20. Average percent productivity in disturbed transects 
compared to respective controls of the 1913 and 1970 
Los Angeles aqueducts. Based on productivity results 
of Tables 4 and 5. 
Equation lines: 	Right of way (B); Y = 1677 - .82X 
Roadedge (C); Y = 1677 - .82X 
CONTROL 
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However, recovery time for the vegetation to a predisturbanca percent com—
position quality would be much greater than that estimated for productivity 
to recover. 
Diversity  
Richness, equibility, evenness, and diversity index data were poolled 
together for obtaining an average percent diversity for each aqueduct dis-
turbed area and control (Fig. 21). The 1913 aqueduct right of way shows 
very close recovery to its present natural diversity. if one assumes an 
increasing straight line relationship, he will expect a 70 year time span 
for diversity recovery along the right of ways. 
For roadedges, continuous maintenance activities may be affecting this 
parameter since construction time. Relocation of roads have been observed 
by Kay (1979), showing that after old roads were ripped, good natural reveg-
etatian resulted in some areas of the 1970 aqueduct right of way. Also, 
roadedge effect may be a significant factor in which productivity is high 
due to extra soil and moisture along the roadsides (Johnson, 1975), but 
possibly, diversity is sensitive to regular disturbance caused by mainte-
nance activities. Perennials are affected in this respect (Rice, 1971). 
Recovery of diversity after disturbance is hard to assess and may be 
more complex than what was expected. To better interpret diversity, it is 
necessary to study the plant succession implications and how does it fit 
into the whole picture of the vegetation dynamic processes. 
Stability 
• Percent stability of disturbed transects along the 1913 and 1970 aque-
ducts were averaged by considering the percent composition of long-lived 
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• and shorE7lived species; community  quality index; and Jaccard f's coefficient 
of similarity results, along control and disturbed areas of both. aqueducts. 
Figure 22 shows that none of the aqueducts. have recovered to the level of 
natural stability. And, even though. the 1913 system dhows higher stability 
than the. 1970 system, there is still indication of impact effects on vege-
tation, since construction time. Assuming that, increment of stability fol-
straight line through. time, recovery to predisturbance stability 
is estimated to range between 1500 and 2000 years. Similar trends appear 
on both aqueducts right of way and roadedge transects, with results indicat-
ing better quality of vegetation recovery along the 1913 aqueduct right 
of way, than that on the 1970 system. Hence, generally, stability is higher 
• for the 1913 aqueduct. 
Dominance of alEy!aphamnus species along the aqueducts right of way may 
dhow up as an increase in productivity but a decrease in stability and di-
versity parameters. Presence of Chrysothamnus species on aqueducts right 
of way seems to be so since construction time and may remaine so indefinite- 
ly (Fig. 8). 	Further studies need to be done to understand the character 
of Chrysothamnus nauseosus hololeucus as an invader that becomes a permanent 
element of the community with time. This may involve several mechanisms 
such as, velocity of seedling growth for establishment; possible allelopathic 
effects on other species (Went, 1942; 1948; 1949; 1972; Muller, 1956; 1969); 
the long-lived attributes of the plant; soils; and other related factors. 
Succession  
While the 1913 aqueduct right of way appears to have recovered its bio-
mass, the percentage composition is unlike the adjacent undisturbed vege-
tation. This indicates that much of the 1913 aqueduct right of way is 
-90- 
Fig. 21. 	Average percent diversity in transects of disturbed 
areas compared to controls of the old and new Los 
Angeles aqueducts. Based on diversity measures of 
Tables 8 and 9. 
Equation lines: Right of way (13); Y = 1610 - .79X 
Roadedge (C); Y = 770 - .37X 
CONTROL 
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Fig. 22. 	Average percent stability in disturbed areas compared to 
respective controls of the 1913 and 1970 Los Angeles 
• aqueducts. Based on Tables 10 and 11 mainly. 
Equation lines: Right of way (B); Y= 1312 •- .65X 
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subclimax vegetation, often dominated by species. Given 
the limitation of low- water availability, the present established vegeta-, 
tion may be able to control soil moisture to the point of exclusion of 
dominant long,lived perennials of the Undisturbed community. (Webb and Wil-
shire,. 1979). Thus, establishment by•Chryso. hamnus and other long-lived 
-sub,-dominants along the 1913 aqueduct disturbed sites, might prevent the. 
vegetation from reaching climax quality indefinitely (Fig. 23), Rice 
(1971). ,states that natural re-establishment of perennial Vegetation is 
extremely slow on most of the 1970 aqueduct right of way, with the excep-
tion of gray rabbitbrush (Chrysothamnus). Kay (1979) reported relatively 
high populations of annual Weeds 2-4 years after construction of the 1970 
•aqueduct. Eight years after construction, however, perennials had become 
•established (Table. 11 and Fig. 8) • The relatively low biomass values for 
- -Larrea and Ambrosia On disturbed sites of the 1970 aqueduct, and the values 
of Ch_usothamnus and Hymenoclea suggests that the system is in a•successianal 
condition •(yazdk,•1979) and does not represent a primary invasion of the 
climax - species as suggested by Muller (1940). 	Figure 23 shows the general • 
pattern of succession in desert vegetation considering the different spara-
meters studied in this project. 
A:ccording. to Shreve -(1942), desert plants have almost a total lack of 
reaction upon the environment. Muller (1940) states that, following. destruc-
tion of the desert ecosystem, the first invaders are -climax species or mem--
bers of the original vegetation. therefore, according to Shreve and Muller, 
the -changes in species composition towards climax, are absent in the desert.. 
While Muller and Shreve are essentially saying that. succession .does not take • 
place in the desert, Vasek (1979) says it does. Vasek, F. - C.. (1979) •describes 
Fig. 23. Schematic representation of succession in Mojave Desert vegetation, 
fol;owing Vasek (1979), and Pickett (1976). Diagram shows possible 
reactions and effects of vegetation parameters after disturbance 
occur, with diagonal orientation (from left to right) indicating 
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long-term changes in both_ species composition and vegetation structure 
following disturbance in the desert. Vasek also indicates that such chan—
ges constitute succession as defined by Pickett (1976) and involves peren-. 
nial herbs and, especially short-lived shrubs, as pioneer species. There 
was evidence of invasion of perennial herbs and pioneer short-lived shrubs 
in many of our disturbed area transects, as discussed by Vasek (1979). 
We also found disturbed sites that had similar composition to the control 
area, as proposed by Muller (1940); (1953). 
Mitigation Measures 
The long period of time required for vegetation recovery following dis-
turbance in deserts should be of primary concern. Mitigation measures 
that could be taken to minimize destruction might include the following: 
1. Route corridors through less susceptible terrain, soil, and vegetation. 
Analyses indicate better recovery in cheesebush (Hymenoclea) communities 
than in creosote bush-burro bush (Larrea-Ambrosia) communities. Also, 
results show less negative construction effects on alluvial fans, washes, 
and sand covered fans than on steep slopes of hills. Linear regression 
analysis for vegetation of the right of way transects of the 1913 aque-
duct indicates a decrease of quality values with increased percentage 
slope (Fig. 9). 
2. Rice (1971) suggests that natural revegetation along the 1970 aqueduct 
has not been fast enough to prevent erosion by water and wind. Thus, 
• reseeding soon after cessation of construction activities is recommended 
(Rice, 1971; Rice and Valgren, 1972; Kay, 1979). 
3. Protect vegetation from grazing during early establishment of shrubs by 
either natural or artifitial seeding methods (Kay, 1979). 
-98- 
4. Rice (1971). also suggests that, aesthetically, revegetation by native 
shrubs such as Larrea and Ambrosia would have blended in with the land-
scape better than Chi=t1-T...miTs. species which has become established in 
many areas of both aqueduct corridors. Thus, burning or mechanically 
removing Chrysothannus species and replacing with perennial wheat grasses 
(Agropyron), hilaria (Hilaria) or rice grass (91E2p2,1) is suggested 
(Johnson personal communication, 1979). However, Kay (1979) states that 
his seeding success (on the 1970 aqueduct scar) would have been enhanced 
by including Chry.. ,211_ in the seeding mix. 
5. Maximize the moisture intake and retention for rapid growth of perennial 
plants (Rice, 1971) through ditching or grading to harvest water (edge 
effects) where applicable and by breaking up compacted soil. 
6. Study alternative means of disposal of trenched soil piles (spoiled 
banks), such as spreading out thinly to avoid covering existing vegeta-
tion. Rice (1971) cites possible poor growing conditions on spoiled 
banks of the 1913 aqueduct. 
7. Aid vegetative regrowth by allowing crowns of Larrea to remain in the 
soil where deep trenching or grading is not essential (Kay, 1979). 
8. Minimize use of disturbed areas adjacent to maintenance roads along the 
aqueduct right of way. These areas are currently well protected by the 
Los Angeles Department of Water and Power (Humphrey personal communica-
tion, 1978). Maintenance activities are restricted to access roads 
- where feasible, and off-road vehicle use is prohibited on the aqueduct 
buffer zone. 
9. Avoid known high nitrogen fixation areas, such as within cat's claw 
acacia (Acacia gregt1) thickets (Garcia-Moya and McKell, 1970). 
Conclusions 
In syathesis, further studies of the means by which Chrysothamnus  
nauseosus ssp hololeucus and other species of Chrysothamnus, adapt and 
compete succesfully against native shrubs in disturbed sites, are needed 
for a better understanding of the plant dynamics following construction 
activities. 
Analysis of field observations and transect data tables suggests that 
there are highly variable impacts on perennial vegetation in relation to• 
the construction and maintenance of the Los Angeles aqueduct systems in 
the Mojave Desert. 
The partial recovery of the vegetation along disturbed areas of the 
• 1913 aqueduct corridor is evidence that considerable time is needed to 
regain the quality of the vegetation once it is destroyed. In particular, 
stability results stresses the importance of keeping environmental damages 
• to the minimum posible. 
This project verified the hypothesis that the 1913 Los Angeles aqueduct 
system presents increased values in the considered parameters than the 
1970 aqueduct, confirming time span for recovery to be the main cause 
• for this condition. 
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APPEND' as 
Appendix A: Author reference for community, classification. 
Community 	 Reference 
Cheesebush scrub 	 Johnson, 1976 
Creosote bush scrub 
	
Thorne, 1976 
Desert holly scrub 	 Johnson, 1976 
Joshua tree woodland 	 Vasek, 1977 
-108- 
Appendix B: Reference of landform classification as reported by Brenner 
(1977), from files of the Bureau of Land Management. 
California Desert Landform Classification, 
PLAYAS 	 PEDIMENTS 
Dry Playa 	 Undifferentiated pediment 
Sand-covered Dry Playa 	Sand-covered Pediment 
Moist Playa 	 HILLS 
PLAINS 	 Undifferentiated Hill 
Undifferentiated Plain 	 Sand-covered Hill 
• Cultivated Plain 	BADLANDS 
Sand-covered Plain 	 Undifferentiated Badland 
RIVERUASHES 	 PLATEAUS 
Undifferentiated Riverwash 	Mesa 
SAND DUNES 	 Tilted Plateau 
• Undifferentiated Dune 	 MOUNTAINS 
Barchan Dune 	 Undifferentiated Mountain 
Crescentic Dune 	 LAVA FLOWS 
Longitudinal Dune 	 Undifferentiated Lava Flow 
ALLUVIAL FANS 	 Volcanic Cone 
Undifferentiated Fan 	 Gully 
Dissected Fan 	 Cliff 
Sand-covered Dissected Fan 
• Highly Dissected Fan 
Sand-covered Fan 
Appendix C: Perennial plant species classified by density values 
and relative age span. for projct reference transects. 
LL = long lived species; SL= short lived species 
(gure.au of Land Management , 1979). 
Density 	Relative 
(1g m 2) 	Age 
Family  / Species 	  
Asteraceae 
Ac amptopJs sphaerocephalus (larv. & Gray) Gray 3 	SL 
Ambrosia dumosa (Gray) Payne 
	
LL 
Chrysothamnu  nauseosus (Pall.) Britton 
• Ssp hololeucus (Gray) Hall & Clem. 
Chrysothamnus paniculatus (Gray) Hall 
Dyssodia thurberi (Gray) Mel s. 
Encelia farinosa Gray ex Torr. 
Encelia virginensis A. Nels. 
Gutierrezia microcephala (DC.) Gray 








Haplopappus linearifolius DC. 	3 	SL 
Hymenoclea salsola T. & G. SL 
Lepidospartum squamatum (Gray) Gray 	 SL 
Machaeranthera tortifolia (Gray) Crong. & Keck. 	•• SL 
Senecio douglasii DC. 	 3 	SL 
Stephanomeria pauciflora (Torr.) Nutt. 	SL 
Tetradymia spinosa H & A 	 • LL 






Appendix C cont' 	 Density 	Relative 
Family! Species  
Agavaceae 
Yucca brevifolia Engelm. 
Capparaceae 
• Isomeris arborea Nutt. 
Chenopodiaceae 
• Atriplex canescens (Pursh) Nutt. 
Atriplex hymenolytra (Torr.) Wats. 	8 	LL 
•Atriplex .2.2jiLsp.././. (Torr.) Wats. LL 
• Ceratoides lanatum (Pursh) T. Howell 
	
5 	LL 
• Grayia spinosa (Hook) Mog. 	 6 	•LL 
Ephedraceae 
californicus Muell-Arg. 	6 	LL 
Ephedra nevadensis Wats. LL 
Fabaceae 
Cassia armata Wats. , 
• Dalea californica Wats. 
Lamiaceae 
Salvia dorii (Kell.) Abrams 
Salazaria mexicana Torr. 
Loasaceae 







Appendix C cont'd. 	 Density 	Relative 
Poaceae 
Aristida fendleriana Steude 	2.5 
	
SL 
Oryzopsis hymenoides (R & S) Ricker 	2.5 	SL 
Stipa .p_peciosa Trin. & Rupr. 	2.5 	SL 
Polemoniaceae 
Cilia densifolium (Benth.) Mason 
Ssp Mohavensis (Craig) Mason 
• Polygonaceae 
Eriogonum fasciculatum Benth 
1 	SL 
3 	SL 
Eriogonum heerimannii Du r. & Hilg. 	3 	SL 
Eriogonum inflatum Torr. & Prem. .5 	• SL 
Rosaceae 
Prunus fasciculata (Torr.) Gray 	5 	LL 
Solanaceae 
Lycium cooperi Gray 
Zygophyllaceae 
22 	LL 
Larrea tridentata (Sesse & Moe ex DC.) Coy. 	2.5 	LL 
UNWERSETV LE RAW 
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Appendix : Township and Range location of study area along both Los 
Angeles aqueducts in Mojave Desert, mainly Kern Co., Calif. 
1913 Los Angeles Aqueduct 
Study 
Areas 	Location 




1 	T305, R37E, S19 	I 	T30S, R37E, S21 
2 	T28S, R37E, S33 2 	T303, R37E, S28 
3 	T30S, R36E, S18 	3 	T305, R37E, S28 
4 	TION, R14W, S31 T30S, R37E, S16 
5 	TION, R14W, S13 	5 	T29S, R37E, S3 
6: 
 
TION, RI3W, S7 6 	T10N, R14W, S3I 
7 	T11N, R13W, S22 	7 	T1ON, R14W, 513 
8 	T32S, R12W, S7 8 	TION, R13W, S7 
9 	T31S, R12W, S34 	TIIN, R13W, S22 
10 	T25S, R38E, S29 10 	T32S, R12W, S25 
11 	T26S, R38E, S21 	11 	T32S, R12W, S7 
12 	T31S, R12W, S34 
13 	T31S, R37E, S6 
14 	T25S, R38E, 833 
15 	T265, R38E, S21 
